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PHARMACEUTICAL COMPOSITION CONTAINING FENOFIBRATE AND 
METHOD FOR THE PREPARATION THEREOF 

Field of the Invention 

[0001] The present invention relates to a novel pharmaceutical composition containing 
fenofibrate. 

Background of the Invention 

[0002] Fenofibrate is recommended in the treatment of adult endogenous hyperlipidemias, 
of hypercholesterolemias and of hypertriglyceridemias. A treatment of 300 to 400 mg of 
fenofibrate per day enables a 20 to 25% reduction of cholesterolemia and a 40 to 50% 
reduction of triglyceridemia to be obtained. 

[0003] The major fenofibrate metabolite in the plasma is fenofibric acid. The half-life for 
elimination of fenofibric acid from the plasma is of the order of 20 hours. Its maximum 
concentration in the plasma is attained, on average, five hours after ingestion of the medicinal 
product. The mean concentration in the plasma is of the order of 15 micrograms/ml for a 
dose of 300 mg of fenofibrate per day. This level is stable throughout treatment. 
[0004] Fenofibrate is an active principle which is very poorly soluble in water, and the 
absorption of which in the digestive tract is limited. 

[0005] Due to its poor affinity for water and to its hydrophobic nature, fenofibrate is much 
better absorbed after ingestion of food, than in fasting conditions. This phenomenon called 
"food effect" is particularly important when comparing fenofibrate absorption in high fat 
meal conditions versus fasting conditions. 

[0006] The main drawback in this food effect is that food regimen must be controlled by 
the patient who is treated with fenofibrate, thereby complicating the compliance of the 
treatment. Yet, as fenofibrate is better absorbed in high fat meal conditions, it is usually taken 
after a fat meal. Therefore, these conditions of treatment are not adapted to patients treated 
for hyperlipidemia or hypercholesterolemia who must observe a low fat regimen. 
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[0007] A way to limit the food effect is to increase the solubility or the rate of solubilization 
of fenofibrate, thereby leading to a better digestive absorption, whichever the food regimen. 
Description of the Related Art 

[0008] Various approaches have been explored in order to increase the rate of solubilization 
of fenofibrate: micronization of the active principle, addition of a surfactant, and 
comicronization of fenofibrate with a surfactant. 

[0009] Patent EP 256 933 describes fenofibrate granules in which the fenofibrate is 
micronized in order to increase its bioavailability. The crystalline fenofibrate microparticles 
are less than 50 jam in size. The binder used is polyvinylpyrrolidone. The document suggests 
other types of binder, such as methacrylic polymers, cellulose derivatives and polyethylene 
glycols. The granules described in the examples of EP 256 933 are obtained by a method 
using organic solvents. 

[0010] Patent EP 330 532 proposes improving the bioavailability of fenofibrate by 
comicronizing it with a surfactant, such as sodium lauryl sulfate. The comicronizate is then 
granulated by wet granulation in order to improve the flow capacities of the powder and to 
facilitate the transformation into gelatin capsules. This comicronization allows a significant 
increase in the bioavailability compared to the use of fenofibrate described in EP 256 933. 
The granules described in EP 330 532 contain polyvinylpyrrolidone as a binder. 
[0011] This patent teaches that the comicronization of fenofibrate with a solid surfactant 
significantly improves the bioavailability of the fenofibrate compared to the use of a 
surfactant, of micronization or of the combination of a surfactant and of micronized 
fenofibrate. 

[0012] Patent WO 98/31361 proposes improving the bioavailability of the fenofibrate by 
attaching to a hydrodispersible inert support micronized fenofibrate, a hydrophilic polymer 
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and, optionally, a surfactant. The hydrophilic polymer, identified as polyvinylpyrrolidone, 
represents at least 20% by weight of the composition described above. 
[0013] This method makes it possible to increase the rate of dissolution of the fenofibrate, 
and also its bioavailability. However, the preparation method according to that patent is not 
entirely satisfactory since it requires the use of a considerable amount of PVP and of the other 
excipients. The example presented in that patent application refers to a composition 
containing only 17.7% of fenofibrate expressed as a mass ratio. This low mass ratio for 
fenofibrate leads to a final form which is very large in size, hence a difficulty in 
administering the desired dose of fenofibrate, or the administration of two tablets. 
Detailed Description of the Invention 

[0014] In the context of the present invention, it has been discovered that the incorporation 
of a cellulose derivative, used as a binder and solubilization adjuvant, into a composition 
containing micronized fenofibrate and a surfactant makes it possible to obtain a 
bioavailability which is greater than for a composition containing a comicronizate of 
fenofibrate and of a surfactant. It has further been discovered the pharmaceutical 
composition of the present invention makes it possible to obtain comparable bioavailability to 
prior art formulations containing a higher dosage of micronized fenofibrate. 
[0015] More particularly, it has been observed that bioavailability of fenofibrate is 
increased when microgranules according to the present invention are prepared by mixing 
together in a liquid phase the fenofibrate, the surfactant and the binding cellulose derivative 
before spraying this liquid phase onto neutral cores. 

[0016] Indeed, both cellulose derivative and surfactant are dissolved in the liquid phase in 
which the microparticles of micronized fenofibrate are in suspension. 
[0017] Thus, when the solvent is removed from the suspension by evaporation after 
spraying onto neutral cores, molecules of both cellulose derivative and surfactant are 
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adsorbed directly onto the fenofibrate microparticles. This phenomenon induces a very 
homogeneous repartition and creates a very close contact between fenofibrate microparticles 
and these molecules, which are responsible for its better solubilization in the gastro-intestinal 
fluids and thereby allow a better absorption of fenofibrate, also contributing to a reduction of 
the food effect as mentioned above. 

[0018] Thus, it has been discovered that the pharmaceutical composition of the present 
invention has less food effect than prior art formulations when administered to patient, i.e. the 
inventive formulation is less dependent on the presence of food in the patient to achieve high 
bioavailability. For example, prior art fenofibrate formulations must be taken with food to 
achieve high bioavailability. The inventors have unexpectedly discovered a fenofibrate 
composition that achieves high bioavailability almost independent of the presence of food in 
a patient. 

[0019] Finally, it has been discovered that the addition of an outer layer of a hydrosoluble 
binder results in a novel in vivo profile, with the following limits: less than 10% in 5 minutes 
and more than 80% in 20 minutes, as measured using the rotating blade method at 75 rpm 
according to the European Pharmacopoeia, in a dissolution medium constituted by water with 
2% by weight polysorbate 80 or in a dissolution medium constituted by water with 0.025M 
sodium lauryl sulfate. 

[0020] A subject of the present invention is therefore a pharmaceutical composition 
containing micronized fenofibrate, a surfactant and a binding cellulose derivative, that 
become intimately associated after the removing of the solvent used in the liquid phase. 
[0021] The composition of the invention is advantageously provided as gelatin capsules 
containing granules. These granules may in particular be prepared by assembly on neutral 
cores, by spraying an aqueous solution containing the surfactant, the solubilized binding 
cellulose derivative and the micronized fenofibrate in suspension. 
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[0022] For example, the pharmaceutical composition of the present invention may include a 
composition in the form of granules comprising: 

(a) a neutral core; and 

(b) an active layer, which surrounds the neutral core; 

wherein said neutral core may include lactose, mannitol, a mixture of sucrose and starch or 
any other acceptable sugar, and wherein said active layer comprises the micronized 
fenofibrate, the surfactant and the binding cellulose derivative. 

[0023] Or, for example, the pharmaceutical composition of the present invention may 
include an immediate release fenofibrate composition including (a) a neutral core; (b) an 
active layer, which surrounds the core; and (c) an outer layer; wherein the active layer 
comprises micronized fenofibrate, a surfactant and a binding cellulose derivative. 
[0024] The pharmaceutical composition according to the present invention has a high 
proportion of fenofibrate; it may therefore be provided in a formulation which is smaller in 
size than the formulations of the prior art, which makes this composition according to the 
invention easy to administer. Further, the pharmaceutical composition of the present 
invention provides comparable bioavailability to prior art formulations at higher dosage 
strengths of fenofibrate. Thus, the inventive composition provides advantages over prior art 
formulations. For example, the inventive formulation containing only 130 mg of fenofibrate 
has comparable bioavailability with a prior art formulation containing 200 mg of fenofibrate 
under fed or fasted conditions, and with single or multiple dosing. 

[0025] The amount of fenofibrate is greater than or equal to 60% by weight, preferably 
greater than or equal to 70% by weight, even more preferably greater than or equal to 75% by 
weight, relative to the weight of the composition. 
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[0026] In the context of the present invention, the fenofibrate is not comicronized with a 
surfactant. On the contrary, it is micronized alone and then combined with a surfactant and 
with the binding cellulose derivative, which is a solubilization adjuvant. 
[0027] The surfactant is chosen from surfactants which are solid or liquid at room 
temperature, for example sodium lauryl sulfate, Polysorbate® 80 (polyoxyethylene 20 
sorbitan monooleate), Montane® 20 or sucrose stearate, preferably sodium lauryl sulfate. 
[0028] The fenofibrate/HPMC ratio is preferably between 5/1 and 15/1. 
[0029] The surfactant represents between about 1 and 10%, preferably between about 3 and 
5%, by weight relative to the weight of fenofibrate. 

[0030] The binding cellulose derivative represents between about 2 and 20%, preferably 
between 5 and 12%, by weight of the composition. 

[0031] Hydroxypropylmethylcellulose is preferably chosen, the apparent viscosity of which 
is between 2.4 and 18 cP, and even more preferably between about 2.4 and 3.6 cP, such as for 
example Pharmacoat 603®. 

[0032] The mean size of the fenofibrate particles is less than 15 jam, preferably 10 jam, even 
more preferably less than 8 \xm. 

[0033] The composition of the invention may also contain at least one excipient such as 
diluents, for instance lactose, antifoaming agents, for instance Dimethicone® (a- 
(trimethylsilyl)-y-methylpoly[oxy(dimethylsilylene)]) and Simethicone® (mixture of a- 
(trimethylsilyl)-y-methylpoly[oxy(dimethylsilylene)] with silicon dioxide), or lubricants, for 
instance talc or colloidal silicon dioxide such as Aerosil®. 

[0034] The antifoaming agent may represent between about 0 and 10%, preferably between 
about 0.01 and 5%, even more preferably between about 0.1 and 0.7%, by weight of the 
composition. 
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[0035] The lubricant may represent between about 0 and 10%, preferably between about 
0.1 and 5%, even more preferably between about 0.2 and 0.6%, by weight of the 
composition. 

[0036] The composition of the invention may also include a outer coating or layer of a 
hydrosoluble binder. The hydrosoluble binder of the outer layer represents between about 1 
and 15%, preferably between about 1 and 8%, even more preferably between about 2-4 % by 
weight of the composition. The hydrosoluble binder may include 

hydroxypropylmethylcellulose, polyvinylpyrrolidone, or hydroxypropylcellulose or a mixture 
thereof. However, one of ordinary skill in the art would understand other substances that may 
be used as the hydrosoluble binder in the outer layer. 

[0037] Hydroxypropylmethylcellulose is preferably chosen, the apparent viscosity of which 
is between 3 and 1 5 cP, such as for example Pharmacoat 606®, or a mixture of different 
grades varying in viscosity. The amount of HPMC in the outer layer is inversely proportional 
to viscosity. It is within the skill in the art to determine the amount of hydrosoluble binder to 
obtain the claimed properties in the dissolution profile. 

[0038] The outer layer may also include one or more excipient such as lubricants, for 
instance talc. The lubricant may represent between about 0 and 10%, preferably between 
about 1 and 5%, even more preferably between about 1-2%, by weight of the composition. 
[0039] The pharmaceutical composition of the invention advantageously consists of 
granules in an amount equivalent to a dose of fenofibrate of between 50 and 300 mg, 
preferably between 130 and 200 mg and more preferably equal to 200 mg. 
[0040] These granules preferably comprise : 

(a) a neutral core; 

(b) an active layer, which surrounds the core; and 

(c) an outer layer. 
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[0041] The expression "outer layer" means an outer coating which is applied on the neutral 
core (A) coated with the active layer (B). Said coating may consist of one or several layers. 
[0042] The outer layer may comprise a hydrosoluble binder. 
[0043] The hydrosoluble binder of the outer layer may include 

hydroxypropylmethylcellulose, polyvinylpyrrolidone, or hydroxypropylcellulose. However, 
one of ordinary skill in the art would understand other substances that may be used as the 
binding cellulose derivative in the outer layer.. 

[0044] In the outer layer, hydroxypropylmethylcellulose is preferably chosen among 
Hydroxypropylmethylcellulose having an apparent viscosity of 3 cP, such as 
Pharmacoat 603®, or 6 cP, such as Pharmacoat 606®, or 15 cP such as Pharmacoat 615®. 
[0045] The outer layer may further comprise talc. In that case, the HPMC/talc mass ratio is 
preferably comprised between 1/1 and 5/1. 

[0046] The present invention also relates to a pharmaceutical composition of fenofibrate 
that can be administered to provide substantial reduction of an effect of food on the uptake of 
the fenofibrate, i.e. substantial reduction of the food effect. 

[0047] Such a pharmaceutical composition presents the advantage of being almost 
independent of the food conditions. Such a composition substantially reduces or eliminates 
the difference of bioavailability observed in function of the nature of the meal and between 
fed and fasted conditions. 

[0048] Indeed, food can change the bioavailability of a drug, which can have clinically 
significant consequences. Food can alter bioavailability by various means, including: 
delaying gastric emptying, stimulating bile flow, changing gastrointestinal (GI) pH, 
increasing splanchnic blood flow, changing luminal metabolism of a drug substance, and 
physically or chemically interacting with a dosage form or a drug substance. Food effects on 
bioavailability are generally greatest when the drug product is administered shortly after a 
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meal is ingested, such as provided in prior art fenofibrate formulations. The nutrient and 
caloric contents of the meal, the meal volume, and the meal temperature can cause 
physiological changes in the GI tract in a way that affects drug product transit time, luminal 
dissolution, drug permeability, and systemic availability. In general, meals that are high in 
total calories and fat content are more likely to affect the GI physiology and thereby result in 
a larger effect on the bioavailability of a drug substance or drug product. Notably, 
fenofibrate is prescribed for cholesterol management to patients who cannot eat high fat 
foods. Thus, there is a need for a fenofibrate composition that need not be administered with 
high fat foods. The present invention, unlike prior art fenofibrate formulation, achieves high 
bioavailability irrespective of the presence of food. 

[0049] Accordingly, a method of reducing food effect is provided when treating 
hyperlipidemias, hypercholesterolemias and hypertriglyceridemias in a patient, including the 
steps of administering to the patient an effective amount of the instant invention. Further, the 
bioavailability of the composition is equivalent whether the patient is fed a high fat meal, a 
therapeutic lifestyle change diet, or when the patient is fasted. 

[0050] In addition, the invention provides a composition comprising fenofibrate having a 
novel in vivo dissolution profile of less than 10% in 5 minutes and more than 80% in 20 
minutes, as measured using the rotating blade method at 75 rpm according to the European 
Pharmacopoeia, in a dissolution medium constituted by water with 2% by weight polysorbate 
80 or in a dissolution medium constituted by water with 0.025M sodium lauryl sulfate. 
[0051] The composition according to the present invention, advantageously has a 
dissolution profile less than 5% at 5 minutes and more than 90% at 20 minutes, as measured 
using the rotating blade method at 75rpm according to the European Pharmacopeia in a 
dissolution medium constituted by water with 0.25M sodium lauryl sulfate. 
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[0052] The present invention also relates to a method for preparing the granules, the 
composition of which is described above. This method uses no organic solvent. 
[0053] The granules are prepared by assembly on neutral cores. 

[0054] The neutral cores have a particle size of between 200 and 1000 microns, preferably 
between 400 and 600 microns. The neutral cores may represent between about 1 and 50%, 
preferably between about 10 and 20%, even more preferably between about 14-18%, by 
weight of the composition. 

[0055] The assembly is carried out in a sugar-coating pan, in a perforated coating pan or in 
a fluidized airbed, preferably in a fluidized airbed. 

[0056] The assembly on neutral cores is carried out by spraying an aqueous solution 
containing the surfactant, the solubilized binding cellulose derivative, and the micronized 
fenofibrate in suspension, and then optionally, by spraying an aqueous solution containing the 
the hydrosoluble binder. 

[0057] The invention is illustrated in a non limiting way by the following examples 
Brief Description of the Drawing Figures 

[0058] Figure 1 represents the in vivo release profile of the formulation of example 1C and 
of a formulation of the prior art in fasting individuals. (Curve 1 : Lipanthyl® 200M ; Curve 2 
: composition according to the present invention). 

[0059] Figure 2 represents the in vivo release profile of the formulation of example 1C and 
of a formulation of the prior art in individuals in fed condition. (Curve 1 : Lipanthyl® 200M ; 
Curve 2 : composition according to the present invention). 

[0060] Figure 3 represents the in vivo release profile of the formulation of comparative 
example 2 and of a formulation of the prior art in individuals in fed condition. 
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[0061] Figure 4 represents the in vitro dissolution profile as a function of the amount of the 
(HPMC 603/Talc) suspension applied on the microgranules. 

[0062] Figure 5 represents the in vitro dissolution profile as a function of the amount of the 
(HPMC 606/Talc) suspension applied on the microgranules. 

[0063] Figure 6 represents the in vitro dissolution profile as a function of the amount of the 
(HPMC 615/Talc) suspension applied on the microgranules. 

[0064] Figure 7 represents the in vitro dissolution profile as a function of the amount of the 
(HPMC 606/Talc) 4% suspension applied on the microgranules. 



EXAMPLES 

[0065] Although the present invention has been described in detail with reference to 
examples above, it is understood that various modifications can be made without departing 
from the spirit of the invention, and would be readily known to the skilled artisan. 
Additionally, the invention is not to be construed to be limited by the following examples. 
Example 1: Granules 

1A) Microgranules (XFEN 1735) 



[0066] The microgranules are obtained by spraying an aqueous suspension of 
micronized fenofibrate onto neutral cores. The composition is given in the following table: 



Formula 


Amount (percentage by mass) 


Micronized fenofibrate 


64.5 


Neutral cores 


21 


HPMC (Pharmacoat 603®) 


11.2 


Polysorbate® 80 


3.3 


Fenofibrate content 


645 mg/g 



[0067] The in vitro dissolution was determined according to a continuous flow cell method 
with a flow rate of 8 ml/min of sodium lauryl sulfate at. 0.1 N. The percentages of dissolved 



- 11 - 



PATENT 

Attorney Docket No. 017751-039 
product as a function of time, in comparison with a formulation of the prior art, 15 Lipanthyl 



200 M, are given in the following table. 



Time (min) 


15 


30 


Example 1A (% dissolved) 


73 




Lipanthyl 200 M (% dissolved) 


47.3 


64.7 



Formulation 1A dissolves more rapidly than Lipanthyl 200 M. 

IB) Microgranules (X FEN 1935) 
[0068] The mean size of the fenofibrate particles is equal to 6.9 ± 0.7 microns. 
[0069] The microgranules are obtained by spraying an aqueous suspension onto neutral 
cores. The suspension contains micronized fenofibrate, sodium lauryl sulfate and HPMC. 
The assembly is carried out in a Huttlin fluidized airbed (rotoprocess). 
[0070] The formula obtained is given below. 



FORMULA 

Micronized fenofibrate 
Neutral cores 

HPMC (Pharmacoat 603®) 
Sodium lauryl sulfate 


AMOUNT (percentage by mass) 

65.2 
20.1 
11.4 
3.3 


Fenofibrate content 


652 mg/g 



[0071] The size of the neutral cores is between 400 and 600 |om. 

1C) Gelatin capsules of microgranules (Y FEN 001) 
[0072] Microgranules having the following composition are prepared: 
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RAW MATERIALS 


AMOUNT (percentage by mass) 


Micronized fenofibrate 


67.1 


Neutral cores 


17.2 


Pharmacoat 603® (HPMC) 


11.7 


Sodium lauryl sulfate 


3.3 


35% dimethicone emulsion 


0.2 


Talc 


0.5 


Fenofibrate content 


671 mg/g 



according to the method described in paragraph 1A). 

[0073] The microgranules obtained are distributed into size 1 gelatin capsules, each 
containing 200 mg of fenofibrate. 

[0074] The in vitro dissolution is determined according continuous flow cell method with a 
flow rate of 8 ml/min of sodium lauryl sulfate at 0.1 N. The comparative results with a 
formulation of the prior art, Lipanthyl 200 M, are given in the following table. 



Time (min) 


15 


30 


Example 1C (% dissolved) 


76 


100 


Lipanthyl 200 M (% dissolved) 


47.3 


64.7 



[0075] Formula 1C dissolves more rapidly than Lipanthyl 200 M. 

[0076] The gelatin capsules are conserved for 6 months at 40°C/75% relative humidity. 
The granules are stable under these accelerated storage conditions. In vitro dissolution tests 
(in continuous flow cells with a flow rate of 8 ml/min of sodium lauryl sulfate at 0. 1 N) were 
carried out. The percentages of dissolved product as a function of time for gelatin capsules 
conserved for 1, 3 and 6 months are given in the following table. 
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Dissolution 
time (min) 



Conservation time 



1 month 

(% dissolved product) 



3 months 
(% dissolved product) 



6 months 
(% dissolved product) 



5 

15 

25 
35 
45 
55 
65 



25.1 

71.8 

95.7 

104.7 

106.4 

106.7 

106.8 



23.0 
65.6 
88.7 
98.7 
100.2 
100.5 
100.6 



20.1 
66.5 
91.0 
98.2 
99.1 
99.5 
99.7 



[0077] The evolution of the content of active principle during storage is given in the 
following table. 



Content 
(mg/gelatin Capsule) 


Conservation time 


0 


1 month 


3 months 


6 months 


208.6 


192.6 


190.8 


211.7 



Pharmacokinetic study carried out in fasting individuals 

[0078] The in vivo release profile of the gelatin capsules containing the example 1 C 
granules at a dose of 200 mg of fenofibrate is compared with that of the gelatin capsules 
marketed under the trademark Lipanthyl 200 M. 

[0079] This study is carried out in 9 individuals. Blood samples are taken at regular time 
intervals and fenofibric acid is assayed. 

[0080] The results are given in the following table and figure 1 . 



Pharmacokinetic parameters 


Lipanthyl 200 M 


Example 1C 


AUCo-,(ug.h/ml) 


76 


119 


AUCinf(ug.h/ml) 


96 


137 


C m ax (Ug/ml ) 


2.35 


4.71 


T max (hours) 


8.0 


5.5 


Ke (1/hour) 


0.032 


0.028 


Elim Vz (hours) 


26.7 


24.9 



[0081] The following abbreviations are used in the present application: 
C max : maximum concentration in the plasma, 
Tma X : time required to attain the C max , 
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Elim !/ 2 : plasmatic half-life, 

AUCo-t: area under the curve from 0 to t, 

AUCo-ooi area under the curve from 0 to oo, 

Ke : Elimination constant. 
[0082] The results obtained for Lipanthyl 200 M and for the product of example 1C are 
represented on figure 1 by curves 1 and 2, respectively. 

[0083] These results show that the composition according to the present invention has a 
bioavailability which is greater than that of Lipanthyl 200 M in fasting individuals. 

Pharmacokinetic study carried out in individuals in fed condition 
[0084] The in vivo release profile of the gelatin capsules containing the example 1 C 
granules at a dose of 200 mg of fenofibrate is compared with that of the gelatin capsules 
marketed under the trademark Lipanthyl 200 M. 

[0085] This study is carried out in 18 individuals. Blood samples are taken at regular time 
intervals and fenofibric acid is assayed. 

[0086] The results are given in the following table and figure 2. 



Pharmacokinetic parameters 


Lipanthyl 200 M 


Example 1C 


AUCo-t (ug.h/ml ) 


244 


257 


AUC inf (ug.h/ml) 


255 


270 


C max (Hg/ml ) 


12 


13 


T max (hours) 


5.5 


5.5 


Ke(l/hour) 


0.04 


0.04 


Elim Vz (hours) 


19.6 


19.3 
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[0087] The results obtained for Lipanthyl 200 M and for the product of example 1C are 
represented on figure 2 by curves 1 and 2, respectively. 

[0088] These results show that the composition according to the present invention is 
bioequivalent to that of Lipanthyl 200 M in individuals in fed condition. 

Comparison of the pharmacokinetic in individuals under fed condition versus the 
pharmacokinetic in fasting individuals 

[0089] Under fasted conditions it was unexpectedly found that the formulation of the 
invention provided a statically significant increased relative bioavailability of approximately 
1.4 times that of the Lipanthyl® as evidenced by a 100% higher mean maximum 
concentration (C max ) of the drug and approximately 62% higher mean AUCs. This significant 
difference between the two formulations disappeared under fed condition. 
[0090] When the bioavailability of the Lipanthyl® under fed versus fasted conditions was 
compared, the C ma x significantly increased (418%) and the mean AUCs significantly 
increased by (152%). 

[0091] In contrast, when the bioavailability of the formulation of this invention under fed 
versus fasted conditions was compared, the Cmax significantly increased by only 170% and 
the mean AUCS were increased only by 76%. 

[0092] The formulation according to the invention provides a pharmacokinetic profile in 
which the effect of ingestion of food on the uptake of the drug is substantially reduced over 
that observed with Lipanthyl®. 
Comparative Example 2: batch ZEF 001 
[0093] This example illustrates the prior art. 
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[0094] It combines micronization of fenofibrate and the use of a surfactant. It differs from 
the present invention by the use of the mixture of binding excipients consisting of a cellulose 
derivative other than HPMC: Avicel PH 101 and polyvinylpyrrolidone (PVP K30). 
[0095] It is prepared by extrusion-spheronization. 



• Theoretical formula 



Products 


Theoretical amount % 


Micronized fenofibrate 


75.08 


Montanox 80® 


4.72 


Avicel PH 101® 


5.02 


PVP K 30® 


4.12 


Explotab® 


11.06 



• In vitro dissolution profile 
[0096] The in vitro dissolution is determined according to a continuous flow cell method 
with a flow rate of 8 ml/min of sodium lauryl sulfate at 0. 1 N. The comparative results with 
Lipanthyl 200 M are given in 10 the following table. 



Time (min) 


15 


30 


Example 2 (% dissolved) 


24 


40 


Lipanthyl 200 M (% dissolved) 


47.3 


64.7 



[0097] The dissolution is slower than that observed for Lipanthyl 200 M. 
Pharmacokinetic study carried out in fasting individuals 

[0098] The in vivo release profile of the gelatin capsules containing the ZEF 001 granules 
at doses of 200 mg of fenofibrate is compared with that of the gelatin capsules marketed 
under the trademark Lipanthyl 200 M. 

[0099] This study is carried out in 5 fasting individuals receiving a single dose. Blood 
samples are taken at regular time intervals and fenofibric acid is assayed. 
[0100] The results are given in the following table and figure 3. 
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Pharmacokinetic 
.r arameters 


Lipanthyl 200 M 


Example 2 


AUC 0 . t (ug.h/ml ) 


92 


47 


AUC inf (ug.h/ml) 


104 


53 


C max (Ug/ml ) 


3.5 


1.7 


T m ax (hours) 


5.6 


4.6 


Ke(l/hour) 


0.04 


0.038 


Elim l A (hours) 


18.9 


20.3 



[0101] The results obtained for Lipanthyl 200 M and for the product of example 2 are 
represented on figure 3 by curves 1 and 2, respectively. 

[0102] These results show the greater bioavailability of Lipanthyl 200 M compared with 
this formulation based on the prior art. 

[0103] Example 2 shows that combining the knowledge of the prior art (namely 
micronization or use of surfactants) does not make it possible to obtain rapid dissolution of 
fenofibrate. This results in low bioavailability compared with Lipanthyl 200 M. 
[0104] The compositions prepared according to the present invention show more rapid 
dissolution than the formula of the prior art and improved bioavailability. 

Example 3 : Microgranules coated with an outer layer 

[0105] Microgranules were prepared by spraying an aqueous suspension onto neutral cores. 
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[0106] The composition of the suspension is given in the following table: 



Suspension 


/amount ^perc enrage oy mass ) 


r uniicu Waici 


78 09 


35 % dimethicone emulsion 


0.19 


30 % simethicone emulsion 


0.03 


HydroxyPropylMethylCellulose 
(HPMC) 2910 (Pharmacoat® 603) 


3.31 


Sodium lauryl sulphate 


0.89 


Micronized fenofibrate 


17.49 


Total 


100.00 



[0107] The composition of the obtained microgranule is given in the following table: 



Formula of microgranules 


Amount (kg) 


Micronized fenofibrate 


372.00 


Sugar spheres 


96.00 


HydroxyPropylMethylCellulose (HPMC) 2910 
(Pharmacoat® 603) 


70.32 


Sodium lauryl sulphate 


18.96 


35 % dimethicone emulsion 


4.12 


30 % simethicone emulsion 


0.67 


Talc 


2.72 


Purified water 


1660.80 



[0108] Different additional outer layers composed of a suspension of HPMC and talc (2:1, 
w:w) were applied on the obtained microgranules. They differ from each other : 

- by the type of HPMC used : Pharmacoat® 603, 606 or 615. The major difference 
between these HPMC is their viscosity which increases in the order HPMC 603 < HPMC 606 
< HPMC 615. 

- by the amount of the (HPMC/Talc) suspension applied on the microgranules : 1, 2, 
3, 4, 5 or 10 %, expressed as dry HPMC/talc relative to the total microgranule. 
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[0109] Dissolution tests were performed with hand-filled gelatine capsules. The mass of 
microgranules introduced in the capsule was calculated according to the theoretical content of 
fenofibrate in the formula. 
[0110] The equipment was composed of : 

- a dissolutest (for example : SOT AX AT7 type), 

- a pump which allows direct sample analysis, 

- a UV spectrophotometer (for example : Lambda 12 from Perkin Elmer). 

[0111] The dissolution method used was a rotating blade method at 75 rpm according to the 
European Pharmacopoeia. 

[0112] The dissolution medium was composed of water with 0.025 M sodium lauryl 
sulfate. The temperature was set at 37.0°C ± 0.5°C. 

[0113] Dissolution profile as a function of the amount of the (HPMC/Talc) suspension 
applied on the microgranules 

[0114] The effect exerted on the dissolution profile by the amount of the HPMC/Talc 
suspension applied on the microgranules was studied. The results are summarized on figures 
4 to 6 for HPMC 603, 606 and 615 respectively. 

[0115] The coating leads to the apparition of a delay after 5 min dissolution. 
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Example 4: Microgranules coated with an outer layer applied by spraying a (HPMC 
606/Talc) 4% suspension 

[0116] Microgranules are obtained by spraying an aqueous suspension of micronized 
fenofibrate prepared as described in example 3 onto neutral cores, followed by an outer layer 



of HPMC and talc, the composition of the microgranules is given in the following table: 



FORMULA 


PERCENTAGE BY MASS 


Neutral cores 


16.44 


Micronized fenofibrate 


63.69 


Hydroxypropylmethyl cellulose 3.0 
Viscosity cP 


12.04 


Sodium lauryl sulfate 


3.25 


Dimethicone 


0.25 


Simethicone 


0.03 


Talc 


0.63 


Outer layer 




Hydroxypropylmethyl cellulose 6.0 
Viscosity cP 


2.57 


Talc 


1.1 



Example 5 : Dissolution Profile 

[0117] A dissolution profile for a fenofibrate composition prepared according to example 4 
was carried out by rotating blade method at 75 rpm, according to the European 
Pharmacopoeia. The dissolution medium was composed of water with 0.025 M sodium 
lauryl sulfate. The temperature was set at 37°C± 0.5°C. 

[0118] The vessel was filled with 1000 mL sodium lauryl sulfate 0.025 M. One hand-filled 
capsules were added to the vessel. The test sample was taken at time intervals of 5 minutes 
(during 1 hour) and analyzed at a wavelength of 290 nm, through 2 mm quartz cells, against a 
blank constituted of 0.025 M sodium lauryl sulfate. The results obtained are shown 
graphically in FIG. 7, on which the percentage of dissolution is shown and in the following 
table. 
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Time (min) 


Amount of dissolution (%) 


5 


3±1 


10 


41±7 


20 


92±4 


30 


98±1 



[0119] These results clearly show that the composition according to the invention has a 
dissolution profile which is less than 10% in five minutes and more than 80% in 20 minutes. 

Example 6 

[0120] A comparison of the relative bioavailability of 130 mg fenofibrate composition 
prepared according to example 4 and Tricor® 200 mg under fasted conditions and following 
consumption of a standard high fat FDA test meal in healthy adult subjects. 
[0121] A test of bioavailability on healthy volunteers was carried out. The following 
compositions were tested: capsules containing microgranules prepared according to example 
4 containing 130 mg of fenofibrate and Tricor® from Abbott Laboratories, containing 200 mg 
of fenofibrate. The study was carried out on 32 healthy volunteers in a randomized, single- 
dose, open-label (laboratory blinded), 4-way crossover study to determine the relative 
bioavailability under fasted and fed conditions in healthy adult subjects. The relative 
bioavailability of each formulation under fasted and fed conditions was also assessed. 
Subjects randomized to Treatment A received a single oral dose of 130 mg fenofibrate 
prepared according to example 4 taken with 240 mL of tap water following a 10-hour fast. 
Subjects randomized to Treatment B received a single oral dose of the same formulation 
taken with 240 mL of tap water following a standardized high-fat meal. Subjects randomized 
to Treatment C received a single oral dose of one Tricor® (fenofibrate) 200 mg micronized 
capsule taken with 240 mL of tap water following a 10-hour fast. Subjects randomized to 
Treatment D received a single oral dose of one Tricor® (fenofibrate) 200 mg micronized 
capsule taken with 240 mL of tap water following a standardized high-fat meal. 
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[0122] In these examples, "fasted" is based on a 10-hour absence of food, however, a 
skilled artisan would know other methods of preparing fasted conditions. For example, 
"fasted" may be understood as 10 hour or more absence of food. 

[0123] The standardized high-fat meal contains approximately 50 percent of total caloric 
content of the meal from fat or a calorie content of 800-1000 calories of which 50 percent is 
from fat. An example of the standardized high-fat meal is two eggs fried in butter, two strips 
of bacon, two slices of toast with butter, four ounces of hash brown potatoes (fired with 
butter) and eight ounces of whole milk. Substitutions in this test meal can be made as long as 
the meal provides a similar amount of calories from protein, carbohydrate, and fat and has 
comparable meal volume and viscosity. The results obtained are given in Tables 1 and 2 
below: 
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Table 1 

Pharmacokinetic Parameters for Fenofibric Acid Following a Single Dose Under Fasted 



and Fed (Standard High-Fat FDA Test Meal) Conditions 



Parameter 


Treatment A 
Invention 130 mg 
(Fasted) 


Treatment B 
Invention 130 mg 
(Fed) 


Treatment C 
Tricor® 200 mg 
(Fasted) 


Treatment D 
Tricor® 200 mg 
(Fed) 


AUCo-t 
(ngh/mL) 


114853 


145562 


109224 


224330 


AUCo-inf 

(ngh/mL) 


116134 


146843 


111235 


226004 


C max 

(ng/mL) 


4375 


9118 


3413 


12829 


Tmax 

(h) 


4.84 


4.89 


9.61 


5.65 


t. /2 

(h) 


19.7 


18.3 


21.0 


19.0 



Table 2 

Fed vs Fasted Ratios for Individual Formulations 



Parameter 


B: Invention 130 mg (Fed) 

vs 

A: Invention 130 mg (Fasted) 


D: Tricor® 200 mg (Fed) 
vs 

C: Tricor® 200 mg (Fasted) 


AUCo-, 


124.8 


221.1 


AUCo-inf 


124.6 


218.8 


C m ax 


210.2 


434.2 



[0124] Table 1 shows that the extent of absorption (AUC) of fenofibric acid following 
administration of 130 mg fenofibrate of the invention is comparable to that of the Tricor® 200 
mg capsule under fasted conditions. 

[0125] In addition, table 2 shows that the maximum plasma concentration (C max ,) for the 
invention is lower than Tricor®, indicating that food effected the rate of bioavailability for the 
Tricor® formulation. Specifically, the food effect observed for the invention is approximately 
2-fold lower than that observed for the Tricor® 200 mg capsule. This suggests that the rate of 
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bioavailability for the invention is almost independent of the presence of food. In contrast, 
the rate of bioavailability for Tricor® significantly increased with food. 

Example 7 

[0126] A comparison of the relative bioavailability of 130 mg fenofibrate composition 
prepared according to in example 4 versus Tricor® 200 mg capsules at steady state in healthy 
adult subjects on a Therapeutic Lifestyle Change Diet ("TLC"). 

[0127] A test of bioavailability on healthy volunteers was carried out. The following 
compositions were tested: capsules containing microgranules prepared according to example 
4 containing 130 mg of fenofibrate and Tricor ® from Abbott Laboratories, containing 200 
mg of fenofibrate. The study was carried out on 28 healthy volunteers in a randomized, 
multiple-dose, open-label (laboratory-blinded), 2-way crossover study to determine and 
compare the bioavailability of the formulation prepared according to example 4 of the 
invention relative to Tricor® 200 mg oral capsules immediately following consumption of a 
TLC diet meal. Subjects randomized to Treatment A received a single oral dose of one 130 
mg capsule of the invention taken with 240 mL of room temperature tap water daily for 7 

(R) 

days. Subjects randomized to Treatment B received a single oral dose of one Tricor 
(fenofibrate) 200 mg micronized capsule taken with 240 mL of room temperature tap water 
daily for 7 days. 

[0128] The TLC Diet stresses reductions in saturated fat and cholesterol intake. The TLC 
diet contains approximately 25-30 percent fat per meal. An example of a TLC meals is 1 cup 
of bran cereal, 1 cup of fat free milk, 8 ounces of orange juice, 1 small banana, 1 slice whole 
wheat toast, 1 teaspoon of margarine, and coffee, black or with fat free milk. Substitutions in 
this test meal can be made as long as the meal provides a similar amount of calories from 
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protein, carbohydrate, and fat and has comparable meal volume and viscosity. The results 
obtained are given in Table 3 below: 



Table 3 

Pharmacokinetic Parameters for Fenofibric Acid Following 
Multiple Dosing in Healthy Subjects on a TLC Diet 



Parameter 


Treatment A 


Treatment B 




Invention 130 mg (Fed) 


Tricor® 200 mg (Fed) 


AUC T .ss(ngh/mL) 


182889 


204988 


C max . ss (ng/mL) 


12664 


13810 


Tmax, ss (h) 


4.896 


5.343 


Cav.ss (ng/mL) 


7620 


8541 


C min . ss (ng/mL) 


4859 


5878 



[0129] The results on table 3 show that the bioavailability of the capsules of the invention 
and the Tricor® 200 mg capsules are comparable after multiple dosing, immediately 
following consumption of a TLC diet meal. 

Example 8 

[0130] A Comparison of the Relative Bioavailability of 130 mg fenofibrate composition 
prepared according to example 4 and Tricor® 200 mg Under Fasted Conditions and 
Following Consumption of a Therapeutic Lifestyle Change Meal in Healthy Adult Subjects. 
[0131] A test of bioavailability on healthy volunteers was carried out. The following 
compositions were tested: capsules containing microgranules prepared according to example 
4 containing 130 mg of fenofibrate and Tricor® from Abbott Laboratories, containing 200 mg 
of fenofibrate. The study was carried out on 32 healthy volunteers in a randomized, single- 
dose, open-label (laboratory blinded), 4-way crossover study to determine the relative 
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bioavailability of 130 mg of the invention prepared according example 4 to Tricor® 200 mg 
oral capsules under fasted and fed conditions in healthy adult subjects. The relative 
bioavailability of each formulation under fasted and fed conditions was also assessed. 
Subjects randomized to Treatment A received a single oral dose of 130 mg fenofibrate 
prepared according to example 4 taken with 240 mL tap water under fasted conditions. 
Subjects randomized to Treatment B received a single oral dose of 130 mg fenofibrate 
prepared according to example 4 formulation taken with 240 mL of room temperature tap 
water following a TLC meal. Subjects randomized to Treatment C received a single oral 
dose of one Tricor® 200 mg capsule taken with 240 mL tap water under fasted conditions. 
Subjects randomized to Treatment D received a single oral dose of one Tricor® 200 mg 
capsule taken with 240 mL of tap water following a TLC diet meal. 
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[0132] The results obtained are given in Tables 4 and 5 below: 



Table 4 

Pharmacokinetic Parameters for Fenofibric Acid Following a Single 



Dose Under Fasted and Fed (Therapeutic Lifestyle Change Meal) Conditions 



Parameter 


Treatment A: 
Invention 130 mg 
(Fasted) 


Treatment B: 
Invention 130 mg 
(Fed) 


Treatment C: 
Tricor® 200 mg 
(Fasted) 


Treatment D: 
Tricor® 200 mg 
(Fed) 


AUCo-t 
(ngh/mL) 


126031 


130400 


123769 


159932 


AUCfj-inf 

(ngh/mL) 


128020 


132387 


129798 


162332 


Cmax 

(ng/mL) 


4403 


7565 


2734 


7554 


Tmax 

(h) 


4.73 


4.21 


8.37 


4.58 



Table 5 

Fed vs. Fasted Ratios for Individual Formulations 



Parameter 


B: Invention 130 mg (Fed) 
vs 

A: Invention 130 mg (Fasted) 


D: Tricor® 200 mg (Fed) 
vs 

C: Tricor® 200 mg (Fasted) 


AUCo-t 


104.0 


131.4 


AUCo-inf 


103.9 


127.9 


Cmax 


175.1 


279.7 



[0133] The results on Table 4 show that following the consumption of a TLC meal, the 
maximum plasma concentration (C max ) of fenofibric acid and the extent of absorption (AUC) 
of the invention is comparable to Tricor®. Similarly, under fasted conditions, the extent of 
absorption (AUC) of the invention is comparable to Tricor®. But, the maximum plasma 
concentration (C max ) of fenofibric acid is greater for the invention than for the Tricor® 
formulation indicating that the invention is more easily absorbed. 
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[0134] Also, the results on Table 5 show that the consumption of a TLC meal effected the 
maximum plasma concentration (C max ) for both the invention and Tricor®. But the food 
effect is more than 2-fold lower for the invention as compared to Tricor®. This indicates that 
the rate of bioavailability for the invention is almost independent of the presence of food. In 
contrast, the rate of bioavailability for Tricor® significantly increased with food. 
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